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bleach. Other bleach activators developed for laundry use can even give 
negative effects, such as creating unsightly deposits, when put into an 
automatic dishwashing product, especially when they have overly low 
solubility. Other bleach systems can damage items unique to dishwashing, 
such as silverware, aluminium cookware or certain plastics. 

Consumer glasses, dishware and flatware, especially decorative 
pieces, as washed in domestic automatic dishwashing appliances, are often 
susceptible to damage and can be expensive to replace. Typically, 
consumers dislike having to separate finer pieces and would prefer the 
convenience and simplicity of being able to combine all their tableware and 
cooking utensils into a single, automatic washing operation. Yet doing this 
as a matter of routine has not yet been achieved. 

On account of the foregoing technical constraints as well as 
consumer needs and demands, automatic dishwashing detergent (ADD) 
compositions are undergoing continual change and improvement. Moreover 
environmental factors such as the restriction of phosphate, the desirability 
of providing ever-better cleaning results with less product, providing less 
thermal energy, and less water to assist the washing process, have all 
driven the need for improved ADD compositions. 

A recognized need in ADD compositions is to have present one or 
more ingredients which improve the removal of hot beverage stains (e.g., 
tea. coffee, cocoa, etc.) from consumer articles. Strong alkalis like sodium 
hydroxide, bleaches such as hypochlorite, builders such as phosphates and 
the like can help in varying degrees but all can also be damaging to, or 
leave a film upon, glasses, dishware or silverware. Accordingly, milder ADD 
compositions have been developed. These make use of a source of 
hydrogen peroxide, optionally with a bleach activator such as TAED, as 
noted. Further, enzymes such as commercial amylolytic enzymes (e.g., 
TERMAMYL® available from Novo Nordisk S/A) can be added. The alpha- 
amylase component provides at least some benefit in the starchy soil 
removal properties of the ADD. ADD's containing amylases typically can 
deliver a somewhat more moderate wash pH in use and can remove starchy 
soils while avoiding delivering large weight equivalents of sodium hydroxide 
on a per-gram-of-product basis. It would therefore be highly desirable to 
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September 21, 1993; U.S. 5,244,594, to Favre et al., issued September 14, 
1993; and European Patent Application, Publication No. 408,131, published 
January 16, 1991 by Unilever NV. see also: U.S. Patent 5,114,611, to Van 
Kralingen et al, issued May 19, 1992 (transition metal complex of a 
transition metal, such as cobalt, and a non-macro-cyclic ligand); U.S. Pat 
4,430,243, to Bragg, issued February 7, 1984 (laundry bleaching 
compositions comprising catalytic heavy metal cations, including cobalt), 
German Patent Specification 2,054,019, published October 7, 1971 by 
Unilever N V. (cobalt chelant catalyst); and European Patent Application 
Publication No. 549,271, published June 30, 1993 by Unilever PLC 
(macrocyclic organic ligands in cleaning compositions). 



SUMMARY OF THE INVENTION 
The present invention encompasses automatic dishwashing 
detergents comprising: 

(a) a catalytically effective amount of a cobalt chelated catalyst having 

the formula: 

[Co n L m X p ]ZY 2 

wherein n is an integer from 1 to 4 (preferably 1 or 2); m is an integer 
from 1 to 12 (preferably from 1 to 5), p is an integer from 0 to 8 (preferably 
from 0 to 4); Y is a counterion selected dependent on the charge z of the 
complex; X is a coordinating species selected from the group consisting of 
CI", Br, I-, F-, NCS-. I3.-OH, Q 2 2 ; o2-, HOO". H 2 0, SH, CN", OCN". S 4 2-, 
NH3, NR3, RCOO-, RO-; 

O O 

II I 
R3CCCHCCR3 

RSO3- and RSO4- in which R is selected from hydrogen, substituted and 
unsubstituted alkyl, substituted and unsubstituted aryl, and R'COO- where 
R' is selected from substituted and unsubstituted alkyl and substituted and 
unsubstituted aryl, and mixtures thereof; and L is an organic ligand 
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The present invention also relates to automatic dishwashing nnse aid 
compositions comprising a cobalt-containing catalyst as described herein, 
and methods for treating tableware in a domestic automatic dishwashing 
appliance during a rinse cycle with these cobalt-containing catalysts. 

As already noted, the invention has advantages, including the 
excellent combination of tea stain removal, good dishcare, and good overall 
cleaning aided by a greater flexibility to formulate enzymes, especially 
amylases. 

All parts, percentages and ratios used herein are expressed as 
percent weight unless otherwise specified. All documents cited are, in 
relevant part, incorporated herein by reference. 

DETAILED DESCRIPTION OF THE INVENTION 
Automatic Dishwashing Compositions: 

Automatic dishwashing compositions of the present invention 
preferably comprise a source of hydrogen peroxide and a particularly 
selected cobalt catalyst. The source of hydrogen peroxide is any common 
hydrogen-peroxide releasing salt, such as sodium perborate or sodium 
percarbonate. In the preferred embodiments, additional ingredients such as 
water-soluble silicates (useful to provide alkalinity and assist in controlling 
corrosion), low-foaming nonionic surfactants (especially useful in automatic 
dishwashing to control spotting/filming), dispersant polymers (which modify 
and inhibit crystal growth of calcium and/or magnesium salts), chelants 
(which control transition metals), builders such as citrate (which help 
control calcium and/or magnesium and may assist buffering action), alkalis 
(to adjust pH), and detersive enzymes (to assist with tough food cleaning, 
especially of starchy and proteinaceous soils), are present. Additional 
bleach-modifying materials such as conventional bleach activators such as 
TAED may be added, provided that any such bleach-modifying materials 
are delivered in such a manner as to be compatible with the purposes of the 
present invention The present detergent compositions may, moreover, 
comprise one or more processing aids, fillers, perfumes, conventional 
enzyme particle-making materials including enzyme cores or "nonpareils", 
as well as pigments, and the like. 
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By "effective amount" herein is meant an amount which is sufficient, 
under whatever comparative test conditions are employed, to enhance 
cleaning of a soiled surface. Likewise, the term "catalytically effective 
amount" refers to an amount of cobalt catalyst which is sufficient under 
whatever comparative test conditions are employed, to enhance cleaning of 
the soiled surface. In automatic dishwashing, the soiled surface may be, for 
example, a porcelain cup with tea stain, dishes soiled with simple starches 
or more complex food soils, or a plastic spatula stained with tomato soup. 
The test conditions will vary, depending on the type of washing appliance 
used and the habits of the user. Some machines have considerably longer 
wash cycles than others. Some users elect to use warm water without a 
great deal of heating inside the appliance; others use warm or even cold 
water fill, followed by a warm-up through a built-in electrical coil Of course, 
the performance of bleaches and enzymes will be affected by such 
considerations, and the levels used in fully-formulated detergent and 
cleaning compositions can be appropriately adjusted. 

Cobalt Catalysts: 

The present invention compositions and methods utilize cobalt (III) 
catalysts having the formula: 

[Co n L m X p ]Z y 2 

wherein n is an integer from 1 to 4; m is an integer from 1 to 12; p is 
an integer from 0 to 8; Y is a counterion selected dependent on the charge z 
of the complex; X is a coordinating species selected from the group 
consisting of Cr, Br, I", F~ ( NCS", l 3 .-OH, 0 2 2 -, 0)2-, HOCT, H 2 0. SH, CN", 
OCN-, S4 2 ", NH 3 , NR 3 , RCOCT, RO~; 

O cr 

II I 
R3CCCHCCR3 

RSO3- and RSO4- in which R is selected from hydrogen, substituted and 
unsubstituted alky!, substituted and unsubstituted aryl, and R'COO" where 
R' is selected from substituted and unsubstituted alkyl and substituted and 
unsubstituted aryl, and mixtures thereof; and L is an organic ligand 
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1 .4.7- tnazacyclodecane; 

1 ,4,7-trimethyl-1 ,4,7-triazacyclononane; 
1,4J-trimethyi-l-4,7-triazacyclodecane; 

1 .4.8- trimethyl-l ,4,8-triazacycloundecane; 

1 .5.9- trimethyl-1 ,5,9-triatriazacyclododecane; 
1 ,4-dimethyl-7-ethyM ,4,7-triazacyclononane. 

ii) 

Tris(pyridin-2-yl)methane; 

Tris(pyrazol-l-yl)methane; 

Tris(imidazol-2-yl)methane 

Tris(triazol-l-yl)methane; 

iii) 

Tris(pyridin-2-yl)borate; 

Tris(triazol)-l-y!)borate; 

Tris(imidazol-2-yl)phosphine; 

Tris(imidazol-2-yl)borate. 

iv) 

cis-cis-1 ,3,5-trisamino-cyclohexane; 
1,1,1 -tris(methylamino)ethane. 
v) 

Bis(pyridin-2-yl-methyl)amine; 
Bis(pyrazol-l-yl-methyl)amine; 
Bis(triazol-l-yl-methyl)amine; 
Bis(imidazol-2-yl-methyl)amine; 

They may be substituted on amine nitrogen atoms and/or CH2 
carbon atoms and/or aromatic rings. 

Such ligands are known and are described in U.S. Patent 5,246,621 , 
to Favre et al, issued September 21, 1993, and in U.S. Patent 5,274,147, to 
Kerschner et al., issued December 28, 1993, both incorporated herein by 
reference in their entirety. 

(b) SALEN-type and SALPD-type ligands of the general formulae: 



11 



PCT/US96/01198 




and 




N O 




Q 0 , R 1 R 2 can each be a substituent 
serein m » 2-6. P*^?^*** ****** t 

substituted «y O and Q NR2> NR3 + . 

optionally substituted alkyl 



WO 96/23860 



12 



PCTAUS96/01198 



halogen, SC^ - , alkyl SO3- and ary! SO3-, T is either NR, O t PR or S, 
wherein R=R 1 or R 2 and b is 0-1 

p re f errec j (jgands are those wherein T=NR, m=3 and R, R 1 and R 2 
are H; more preferably wherein b=0. 

Such ligands are known and are described in European Patent 
Application Publication No. 408,131, published January 16, 1991, the 
disclosures of which are incorporated herein by reference in their entirety. 

(c) Non-macro-cyclic ligands of the formula: 

in which R-\, R2, R3 and R4 can each be selected from H, optionally 
substituted alkyl and aryl groups, and such substituents in which each R-|- 
N=C-R2 and R 3 -C=N-R4 form a five- or six-membered, optionally 
substituted, nitrogen-containing heterocyclic ring system; and B is a 
bridging group selected from O, S, CR5R6, NR7 and C=0, wherein R5 Re 
and R7 can each be H, alkyl or aryl groups which may optionally be 
substituted. Examples of optional substituents are halogen, OH, NO2 NH2, 
SO3-, OCH3, N + (CH 3 ) 3 . 

The ligands as contemplated herein are thus non(macro) cyclic 

compounds. 

Typical five- or six-membered ring systems forming the ligand are, for 
example, pyridine, pyridazine, pyrimidine, pyrazine, imidazole, pyrazole and 
triazole rings which can optionally contain the usual types of substituents, 
such as alkyl, aryl, alkoxy, halide and nitro. The two rings may be identical 
or different, preferably identical. 

Especially preferred ligands are those in which both rings are 
pyridine, preferably having NH as the bridging group B. 

Such ligands are known and are described in U.S. Patent 5,114,611, 
to Van Kralingen et al., issued May 19, 1992, the disclosures of which are 
incorporated herein by reference in their entirety. 

(d) Porphyrin-type ligands of the formula: 
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Technology, 4th Ed (1992, John Wiley & Sons), Vol 4, pp. 271-300 
"Bleaching Agents (Survey)", and include the various forms of sodium 
perborate and sodium percarbonate, including various coated and modified 
forms. An "effective amount" of a source of hydrogen peroxide is any 
amount capable of measurably improving stain removal (especially of tea 
stains) from soiled dishware compared to a hydrogen peroxide source-free 
composition when the soiled dishware is washed by the consumer in a 
domestic automatic dishwasher in the presence of alkali. 

More generally a source of hydrogen peroxide herein is any 
convenient compound or mixture which under consumer use conditions 
provides an effective amount of hydrogen peroxide. Levels may vary widely 
and are usually in the range from about 0.1% to about 70%, more typically 
from about 0.5% to about 30%, by weight of the ADD compositions herein. 

The preferred source of hydrogen peroxide used herein can be any 
convenient source, including hydrogen peroxide itself. For example, 
perborate, e.g., sodium perborate (any hydrate but preferably the mono- or 
tetra-hydrate), sodium carbonate peroxyhydrate or equivalent percarbonate 
salts, sodium pyrophosphate peroxyhydrate, urea peroxyhydrate, or sodium 
peroxide can be used herein. Sodium perborate monohydrate and sodium 
percarbonate are particularly preferred. Mixtures of any convenient 
hydrogen peroxide sources can also be used. 

A preferred percarbonate bleach comprises dry particles having an 
average particle size in the range from about 500 micrometers to about 
1,000 micrometers, not more than about 10% by weight of said particles 
being smaller than about 200 micrometers and not more than about 10% by 
weight of said particles being larger than about 1,250 micrometers. 
Optionally, the percarbonate can be coated with a silicate, borate or water- 
soluble surfactants. Percarbonate is available from various commercial 
sources such as FMC, Solvay and Tokai Denka. 

While effective bleaching compositions herein may comprise only the 
identified cobalt catalysts and a source of hydrogen peroxide, fully- 
formulated ADD compositions typically will also comprise other automatic 
dishwashing detergent adjunct materials to improve or modify performance. 
These materials are selected as appropriate for the properties required of 
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about 0.1% to about 20% of the composition. In general, bleach-stable 
surfactants are preferred. ADD (Automatic Dishwashing Detergent) 
compositions of the present invention prefereably comprise low foaming 
nonionic surfactants (LFNIs). LFNI can be present in amounts from 0 to 
about 10% by weight, preferably from about 0.25% to about 4%. LFNIs are 
most typically used in ADDs on account of the improved water-sheeting 
action (especially from glass) which they confer to the ADD product. They 
also encompass non-silicone, nonphosphate polymeric materials further 
illustrated hereinafter which are known to defoam food soils encountered in 
automatic dishwashing. 

Preferred LFNIs include nonionic alkoxylated surfactants, especially 
ethoxylates derived from primary alcohols, and blends thereof with more 
sophisticated surfactants, such as the 

polyoxypropylene/polyoxyethylene/polyoxypropylene (PO/EO/PO) reverse 
block polymers. The PO/EO/PO polymer-type surfactants are well-known to 
have foam suppressing or defoaming action, especially in relation to 
common food soil ingredients such as egg. 

The invention encompasses preferred embodiments wherein LFNI is 
present, and wherein this component is solid at about 95°F (35°C), more 
preferably solid at about 77°F (25°C). For ease of manufacture, a 
preferred LFNI has a melting point between about 77°F (25°C) and about 
140°F (60°C), more preferably between about 80°F (26.6°C) and 110°F 
(43.3°C). 

In a preferred embodiment, the LFNI is an ethoxylated surfactant 
derived from the reaction of a monohydroxy alcohol or alkylphenol 
containing from about 8 to about 20 carbon atoms, with from about 6 to 
about 15 moles of ethylene oxide per mole of alcohol or alkyl phenol on an 
average basis. 

A particularly preferred LFNI is derived from a straight chain fatty 
alcohol containing from about 16 to about 20 carbon atoms (C-) 6-C20 
alcohol), preferably a C<|8 alcohol, condensed with an average of from 
about 6 to about 15 moles, preferably from about 7 to about 12 moles, and 
most preferably from about 7 to about 9 moles of ethylene oxide per mole of 
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(HLB) Cloud points of 1% solutions in water are typically below about 
32°C and preferably lower, e.g., 0°C, for optimum control of sudsing 
throughout a full range of water temperatures. 

LFNIs which may also be used include a C-|8 alcohol polyethoxylate, 
having a degree of ethoxylation of about 8, commercially available as 
SLF18 from Olin Corp , and any biodegradable LFNI having the melting 
point properties discussed hereinabove. 

fb) Anionic Co-surfactant - The automatic dishwashing detergent 
compositions herein are preferably substantially free from anionic co- 
surfactants. It has been discovered that certain anionic co-surfactants, 
particularly fatty carboxylic acids, can cause unsightly films on dishware. 
Moreover, may anionic surfactants are high foaming. If present, the anionic 
co-surfactant is typically of a type having good solubility in the presence of 
calcium. Such anionic co-surfactants are further illustrated by 
sulfobetaines, alkyl(polyethoxy)sulfates (AES), alkyl 

(polyethoxy)carboxylates, and short chained C5-C-10 a| M sulfates. 
2 Detersive Enzymes 

"Detersive enzyme", as used herein, means any enzyme having a 
cleaning, stain removing or otherwise beneficial effect in an ADD 
composition. Preferred detersive enzymes are hydrolases such as 
proteases, amylases and lipases. Highly preferred for automatic 
dishwashing are amylases and/or proteases, including both current 
commercially available types and improved types which, though more 
bleach compatible, have a remaining degree of bleach deactivation 
susceptibility. 

In general, as noted, preferred ADD compositions herein comprise 
one or more detersive enzymes. If only one enzyme is used, it is preferably 
an amyolytic enzyme when the composition is for automatic dishwashing 
use. Highly preferred for automatic dishwashing is a mixture of proteolytic 
enzymes and amyloytic enzymes. More generally, the enzymes to be 
incorporated include proteases, amylases, lipases, cellulases, and 
peroxidases, as well as mixtures thereof. Other types of enzymes may also 
be included. They may be of any suitable origin, such as vegetable, animal, 
bacterial, fungal and yeast origin. However, their choice is governed by 
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Application Serial No. 87303761.8, filed April 28, 1987, and European 
Patent Application 130,756, Bott et al, published January 9, 1985). 

An especially preferred protease, referred to as "Protease D" is a 
carbonyl hydrolase variant having an amino acid sequence not found in 
nature, which is derived from a precursor carbonyl hydrolase by substituting 
a different amino acid for a plurality of amino acid residues at a position in 
said carbonyl hydrolase equivalent to position +76, preferably also in 
combination with one or more amino acid residue positions equivalent to 
those selected from the group consisting of +99, +101, +103, +104, +107, 
+ 123, +27, +105, +109, +126, +128, +135, +156, +166, +195, +197, +204, 
+206, +210, +216, +217, +218, +222, +260, +265, and/or +274 according to 
the numbering of Bacillus amyloliquefaciens subtilisin, as described in the 
patent applications of A. Baeck, et al, entitled "Protease-Containmg 
Cleaning Compositions" having U.S. Serial No. 08/322,676, and C. Ghosh, 
et al, "Bleaching Compositions Comprising Protease Enzymes" having U.S. 
Serial No. 08/322,677, both filed October 13, 1994. 

Amylases suitable herein include, for example, a-amylases described 
in British Patent Specification No. 1,296,839 (Novo), RAPIDASE®, 
International Bio-Synthetics, Inc. and TERMAMYL®, Novo Industries. 

Engineering of enzymes (e.g., stability-enhanced amylase) for 
improved stability, e.g., oxidative stability is known. See, for example 
J. Biological Chem., Vol. 260, No. 11, June 1985, pp 6518-6521. 
"Reference amylase" refers to a conventional amylase inside the scope of 
the amylase component of this invention. Further, stability-enhanced 
amylases, also within the invention, are typically compared to these 
"reference amylases". 

The present invention, in certain preferred embodiments, can makes 
use of amylases having improved stability in detergents, especially 
improved oxidative stability. A convenient absolute stability reference-point 
against which amylases used in these preferred embodiments of the instant 
invention represent a measurable improvement is the stability of 
TERMAMYL® in commercial use in 1993 and available from Novo Nordisk 
A/S. This TERMAMYL® amylase is a "reference amylase", and is itself 
well-suited for use in the ADD (Automatic Dishwashing Detergent) 
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(b) Stability-enhanced amylases as described by Genencor 
International in a paper entitled "Oxidatively Resistant alpha-Amylases" 
presented at the 207th American Chemical Society National Meeting, March 
13-17 1994, by C. Mitchinson. Therein it was noted that bleaches in 
automatic dishwashing detergents inactivate alpha-amylases but that 
improved oxidative stability amylases have been made by Genencor from 
B.licheniformis NCIB8061. Methionine (Met) was identified as the most 
likely residue to be modified. Met was substituted, one at a time, in 
positions 8,15,197,256,304,366 and 438 leading to specific mutants, 
particularly important being M197L and M197T with the M197T variant 
being the most stable expressed variant. Stability was measured in 
CASCADE® and SUNLIGHT®; 

(c) Particularly preferred herein are amylase variants having 
additional modification in the immediate parent available from Novo Nordisk 
A/S. These amylases do not yet have a tradename but are those referred to 
by the supplier as QL37+M197T. 

Any other oxidative stability-enhanced amylase can be used, for 
example as derived by site-directed mutagenesis from known chimeric, 
hybrid or simple mutant parent forms of available amylases. 

Cellulases usable in, but not preferred, for the present invention 
include both bacterial or fungal cellulases. Typically, they will have a pH 
optimum of between 5 and 9.5. Suitable cellulases are disclosed in U.S. 
Patent 4,435,307, Barbesgoard et al, issued March 6, 1984, which discloses 
fungal cellulase produced from Humicola insolens and Humicola strain 
DSM1800 or a cellulase 212-producing fungus belonging to the genus 
Aeromonas, and cellulase extracted from the hepatopancreas of a marine 
mollusk {Dolabella Auricula Solander). Suitable cellulases are also 
disclosed in GB-A-2.075.028; GB-A-2.095.275 and DE-OS-2.247.832. 
CAREZYME® (Novo) is especially useful. 

Suitable lipase enzymes for detergent use include those produced by 
microorganisms of the Pseudomonas group, such as Pseudomonas stutzeri 
ATCC 19.154, as disclosed in British Patent 1,372,034. See also lipases in 
Japanese Patent Application 53,20487, laid open to public inspection on 
February 24, 1978. This lipase is available from Amano Pharmaceutical 
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29, 1986, Venegas. Enzyme stabilization systems are also described, for 
example, in U.S. Patent 3,519,570. 

(a) Enzyme Stabilizing System - The enzyme-containing compositions, 
especially liquid compositions, herein may comprise from about 0.001% to 
about 10%, preferably from about 0.005% to about 8%, most preferably 
from about 0.01% to about 6%, by weight of an enzyme stabilizing system. 
The enzyme stabilizing system can be any stabilizing system which is 
compatible with the detersive enzyme. Such stabilizing systems can 
comprise calcium ion r boric acid, propylene glycol, short chain carboxylic 
acid, boronic acid, and mixtures thereof. 

The stabilizing system of the ADDs herein may further comprise from 
0 to about 10%, preferably from about 0.01% to about 6% by weight, of 
chlorine bleach scavengers, added to prevent chlorine bleach species 
present in many water supplies from attacking and inactivating the 
enzymes, especially under alkaline conditions. While chlorine levels in 
water may be small, typically in the range from about 0.5 ppm to about 1.75 
ppm, the available chlorine in the total volume of water that comes in 
contact with the enzyme during dishwashing is relatively large; accordingly, 
enzyme stability in-use can be problematic. 

Suitable chlorine scavenger anions are widely known and readily 
available, and are illustrated by salts containing ammonium cations with 
sulfite, bisulfite, thiosulfite, thiosulfate, iodide, etc. Antioxidants such as 
carbamate, ascorbate, etc., organic amines such as 
ethylenediaminetetracetic acid (EDTA) or alkali metal salt thereof, 
monoethanolamine (MEA), and mixtures thereof can likewise be used. 
Other conventional scavengers such as bisulfate, nitrate, chloride, sources 
of hydrogen peroxide such as sodium perborate tetrahydrate, sodium 
perborate monohydrate and sodium percarbonate, as well as phosphate, 
condensed phosphate, acetate, benzoate, citrate, formate, lactate, malate, 
tartrate, salicylate, etc., and mixtures thereof can be used if desired. In 
general, since the chlorine scavenger function can be performed by several 
of the ingredients separately listed under better recognized functions, (e.g., 
other components of the invention such as sodium perborate), there is no 
requirement to add a separate chlorine scavenger unless a compound 
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compositions can optionally comprise acyl benzoates, such as phenyl 
benzoate. 

(b) Organic Peroxides, especially Diacvl Peroxides - These are extensively 
illustrated in Kirk Othmer, Encyclopedia of Chemical Technology, Vol. 17, 
John Wiley and Sons, 1982 at pages 27-90 and especially at pages 63-72, 
all incorporated herein by reference. If a diacyl peroxide is used, it will 
preferably be one which exerts minimal adverse impact on spotting/filming. 
4 pH and Buffering Variation 

Many detergent compositions herein will be buffered, i.e., they are 
relatively resistant to pH drop in the presence of acidic soils. However, other 
compositions herein may have exceptionally low buffering capacity, or may 
be substantially unbuffered. Techniques for controlling or varying pH at 
recommended usage levels more generally include the use of not only 
buffers, but also additional alkalis, acids, pH-jump systems, dual 
compartment containers, etc., and are well known to those skilled in the art. 

The preferred ADD compositions herein comprise a pH-adjusting 
component selected from water-soluble alkaline inorganic salts and water- 
soluble organic or inorganic builders. The pH-adjusting components are 
selected so that when the ADD is dissolved in water at a concentration of 
1 ,000 - 5,000 ppm, the pH remains in the range of above about 8, preferably 
from about 9.5 to about 11. The preferred nonphosphate pH-adjusting 
component of the invention is selected from the group consisting of: 

(i) sodium carbonate or sesquicarbonate; 

(ii) sodium silicate, preferably hydrous sodium silicate having Si02:Na 2 0 
ratio of from about 1:1 to about 2:1, and mixtures thereof with limited 
quantites of sodium metasilicate; 

(iii) sodium citrate; 

(iv) citric acid; 

(v) sodium bicarbonate; 

(vi) sodium borate, preferably borax; 

(vii) sodium hydroxide; and 

(viii) mixtures of (i)-(vii). 

Preferred embodiments contain low levels of silicate (i.e. from about 

3% to about 10% SiC>2). 
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Examples of silicates are sodium metasilicate and, more generally, 
the alkali metal silicates, particularly those having a SiC>2 Na20 ratio in the 
range 1.6:1 to 3.2:1; and layered silicates, such as the layered sodium 
silicates described in U.S. Patent 4,664,839, issued May 12, 1987 to H. P. 
Rieck NaSKS-6® is a crystalline layered silicate marketed by Hoechst 
(commonly abbreviated herein as "SKS-6"). Unlike zeolite builders, Na 
SKS-6 and other water-soluble silicates usefule herein do not contain 
aluminum. NaSKS-6 is the 5-Na 2 SiOs form of layered silicate and can be 
prepared by methods such as those described in German DE-A-3, 41 7,649 
and DE-A-3, 742, 043. SKS-6 is a preferred layered silicate for use herein, 
but other such layered silicates, such as those having the general formula 
NaMSi x 02x+1 y H 2° wherein M is sodium or hydrogen, x is a number from 
1.9 to 4, preferably 2, and y is a number from 0 to 20, preferably 0 can be 
used. Various other layered silicates from Hoechst include NaSKS-5, 
NaSKS-7 and NaSKS-11, as the a- (i- and y- forms. Other silicates may 
also be useful, such as for example magnesium silicate, which can serve as 
a crispening agent in granular formulations, as a stabilizing agent for 
oxygen bleaches, and as a component of suds control systems. 

Silicates particularly useful in automatic dishwashing (ADD) 
applications include granular hydrous 2-ratio silicates such as BRITESIL® 
H20 from PQ Corp., and the commonly sourced BRITESIL® H24 though 
liquid grades of various silicates can be used when the ADD composition 
has liquid form. Within safe limits, sodium metasilicate or sodium hydroxide 
alone or in combination with other silicates may be used in an ADD context 
to boost wash pH to a desired level. 

5 Builders - Detergent builders other than silicates can optionally be 
included in the compositions herein to assist in controlling mineral 
hardness. Inorganic as well as organic builders can be used. Builders are 
typically used in automatic dishwashing and fabric laundering compositions, 
for example to assist in the removal of particulate soils. 

The level of builder can vary widely depending upon the end use of 
the composition and its desired physical form. When present, the 
compositions will typically comprise at least about 1% builder. High 
performance compositions typically comprise from about 10% to about 80%, 
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Zeolite MAP and Zeolite X In an embodiment, the crystalline 
aluminosilicate ion exchange material has the formula: 
Na 1 2[(AI02)i2( Si0 2)l2]* xH 2° wherein x is from about 20 to about 30, 
especially about 27. This material is known as Zeolite A. Dehydrated 
zeolites (x = 0 - 10) may also be used herein. Preferably, the 
aluminosilicate has a particle size of about 0.1-10 microns in diameter. 
Individual particles can desirably be even smaller than 0.1 micron to further 
assist kinetics of exchange through maximization of surface area. High 
surface area also increases utility of aluminosilicates as adsorbents for 
surfactants, especially in granular compositions. Aggregates of silicate or 
aluminosilicate particles may be useful, a single aggregate having 
dimensions tailored to minimize segregation in granular compositions, while 
the aggregate particle remains dispersible to submicron individual particles 
during the wash. As with other builders such as carbonates, it may be 
desirable to use zeolites in any physical or morphological form adapted to 
promote surfactant carrier function, and appropriate particle sizes may be 
freely selected by the formulator. 

Organic detergent builders suitable for the purposes of the present 
invention include, but are not restricted to, a wide variety of polycarboxylate 
compounds. As used herein, "polycarboxylate' 1 refers to compounds having 
a plurality of carboxylate groups, preferably at least 3 carboxylates. 
Polycarboxylate builder can generally be added to the composition in acid 
form, but can also be added in the form of a neutralized salt or "overbased". 
When utilized in salt form, alkali metals, such as sodium, potassium, and 
lithium, or alkanolammonium salts are preferred. 

Included among the polycarboxylate builders are a variety of 
categories of useful materials. One important category of polycarboxylate 
builders encompasses the ether polycarboxylates, including oxydisuccinate, 
as disclosed in Berg, U.S. Patent 3,128,287, issued April 7, 1964, and 
Lamberti et al, U.S. Patent 3,635,830, issued January 18, 1972. See also 
•TMS/TDS" builders of U.S. Patent 4,663,071, issued to Bush et al, on May 
5, 1987. Suitable ether polycarboxylates also include cyclic compounds, 
particularly alicyclic compounds, such as those described in U.S. Patents 
3,923,679; 3,835,163; 4,158,635; 4,120,874 and 4,102,903. 
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compositions, which may need to be be taken into account by the 
formulator. Fatty acids or their salts are undesirable in Automatic 
Dishwashing (ADD) embodiments in situations wherein soap scums can 
form and be deposited on dishware. 

Where phosphorus-based builders can be used, the various alkali 
metal phosphates such as the well-known sodium tripolyphosphates, 
sodium pyrophosphate and sodium orthophosphate can be used. 
Phosphonate builders such as ethane-1-hydroxy-1,1-diphosphonate and 
other known phosphonates (see, for example, U.S. Patents 3,159,581; 
3,213,030; 3,422,021; 3,400,148 and 3,422,137) can also be used though 
such materials are more commonly used in a low-level mode as chelants or 
stabilizers. 

6 Chelating Agents 

The compositions herein may also optionally contain one or more 
transition-metal selective sequestrants, "chelants" or "chelating agents", 
e.g., iron and/or copper and/or manganese chelating agents. Chelating 
agents suitable for use herein can be selected from the group consisting of 
aminocarboxylates, phosphonates (especially the aminophosphonates), 
polyfunctionally-substituted aromatic chelating agents, and mixtures thereof. 
Without intending to be bound by theory, it is believed that the benefit of 
these materials is due in part to their exceptional ability to control iron, 
copper and manganese in washing solutions; other benefits include 
inorganic film prevention or scale inhibition. Commercial chelating agents 
for use herein include the DEQUEST® series, and chelants from Monsanto, 
DuPont, and Nalco, Inc. 

Aminocarboxylates useful as optional chelating agents are further 
illustrated by ethylenediaminetetracetates, N- 

hydroxyethylethylenediaminetriacetates, nitrilo-triacetates, ethylenediamine 
tetraproprionates, triethylenetetraaminehexacetates, 

diethyienetriamine-pentaacetates, and ethanoldiglycines, alkali metal, 
ammonium, and substituted ammonium salts thereof. In general, chelant 
mixtures may be used for a combination of functions, such as multiple 
transition-metal control, long-term product stabilization, and/or control of 
precipitated transition metal oxides and/or hydroxides. 
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0 , w respective polye. V ^ g , ycols are ret 
po.ye.hy.ene. polypropylene 

formula: 
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r ©t other disDPrcao* 

Polysaccharide^' 1 d,Spersant Polymers are »h 
i' 7 ac,ds Closed ,„ u.s p.. /; 19 ^ ,he *wr,n esters of 

' 1S ' 9 ' Preferred ce/!nine» ^ *M<n,B41, McDonald i<5<s.,^ 

«*ox vm e thy , ce,,^ disperse* pc^TareT 

y et another g r0 uD of a 

d'spersant polymers surh acce P tab »e dispersants are th- 

L^fen^^ 

— ^ jnhWtors « «- «D ^ 

typically a predominantly 
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K Pr of carbon atoms in the 
_ „ havinq a number u» «. P \ e cted from 

— — " J— -ST- 

s^ss^.— ~ 

70 . Additionally, the benz otriazole and 

■ l8 also preferred. compounds ' th , ona phtol and 

other corros.cn or th.ois »ndud,ng ^ gs 

^parable compou . * Aluminium f^ - ^^..U 

thio anthranol; and f.nely ^ recognize h ^ ^ any 

aluminium -* in ^ taT°r to comprise the 

generally be used )ud.ao * ^ ^ ar or ^ ^ 

tendency to Propositions. For ^ ^o n 1atty 

caching action of the ^ P ble ach-reactw- preferably 

tarnl shes which ~ with calcium « 

carpoxylic acids wh.ch P r resSO rs - The ADD's of the 

^ oided h Phosohate^st^ud^^ suds suppressor, 

t^* 81 *^^ * 9eneral T! 

invention can cpt.onaW or combinations thereof 5% Typica , 

a silicone suds suppressor ^ 0.001 A to a 

Silicone suds suPP merte d m D« 1973, ISBN 

lndu s.ne, Aprons • nere in by reference » # „, and 

Captors en«led «*» et a l>. See else U*P pounded 
-Sunectant AnWoan* _(B< suds supf»esso« granules 

4 ,36,045. H*"^ argents ^.^^ s may also 

type s Kno^ W >«- only * t— ""J For 
lousn^^^ , n V s ,ant compositions. 
be .ncorporated -n 
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polydimethylsiloxanp* *, 

or alternate endh.r^ 
«*> surface-active ra ^L n ^ be ^pounded «h ST U "" S 

cosurfactant e a ^ , 6 ,s c °mbined with * kj * 7 

- r ^ 9 - - — — A a :rr;~ 

Phosphate esters have ai^ k 

ocnmoika et al, incorporated h« °"" 4 .891, issued April 18 iqr 7 
« nas been found preferab/* » 



3 96/23860 



39 



hither a greater or lesser 
A . nrXs . Depending on whether y jn 
Jfl^a**^ f , er materials -jf^ sutfa te, 

S^T^ s ndude sucrose, sucrose es-s ■ ^ q% ^ 
the instant ADDS. amounts up to about 70 ^ ^ so(jium su «ate. 

potassium ^ ^ compOSltio n. ace impurities. 

ab out 40% of th ; a ^ deshavl ng at most low levels o dentt0 ensure 

es P eCiaUyin9 °iruio herein P^hasa pu V ^ ^ of 
SOd,Um rr^ ^ach: it may also he ^ m . saU f0 rm 

rt is non-react,ve w.tn les 0 r EDDS in dBComp0 8ing 

sequestrants such - P ^ ^ s^\^ specrfi ca«y 

Note that preferences g , ng component mg 
b ,each. apples als positions, the present 

H * dr0,r ° P : e t*- cumene su«ona.e. can 

December^. other common deterg 

appropriate amounts^ O are not exc 

^•^ST ^positions herein -"^ught together in an 

Since ADD comp when bro g fthe 

, gre dients or to Keep the free m * - ~ ^ 
aqueous environments . P^ aWy 4 ^able to water and 

A ; DS at a minimum herein to «lustrate 
to Provde pacKag-n 

c^-^^S^^^^^ types, as well as 
compatible, it may further b 
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°' »>V such * — .0 ,o, m UllT ""-w 

form fii ms on dj . "™* "° not have a mari< _ , "» 'OTOulalor 

^ -X: s r n «-" 

system comDrisinr, ; nd/ora b 'each stahio " on composing 

— e aT^r ^ <* ^en ~ ^ 3 

T "a™ is also a ' 8anda ^alica,a/ ° 0mSOdium 

a "<°™.,c dishv^shin emP ' a,M a ^,an ti aT,re? S Cte ' ineahere '" 

comprising a cohai* . " 9 Sa,d ta °'eware with c,ear »ng soiled 

""*«• have an S 2 V ° ^ 2 

Preferabiy from a bou. ' ? V MSh *>'*>" of above !h 
abou, ,o., - — 1* fnos, Prefefabt 0 ;^ 

This invention I 
domestic automata !° encomDas ses a method of «/ ae K 
beware ^J?~^ colt^ 9 ln a 

■** * an automatic ^sn '"^^u^infh. 

nave a source of 
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„ nresent in such compositions (att suppIeme rt 
hydrogen perox.de ^ ^ at ^ le ve,s to 

hyd rogen perox.de » pr , p g . pse aid 

the carry-over). s0urce D f hydrogen £ ^ resjdual 

The optional -^T" of the tact that a cycle. 

.he wash cycle- 2, from the wash cycle automaUc 
efec-^^canv- ^ furt ner . e „ec,ive 

TnUS ' !L aid compositions »^'" 9 ^ n an d (W automatic 
distwash.09 nnsead ^ descnbed nere '^^.ions comprise 

amount of a oobalt _«*y s "^"""^ preferably are 

ctrtaofan, These compositions als 

, l0 w foaming nomonic sun ^ 

in liquid or solid fon^ encompasses me* ^ 

The present '"^^ dishwashmg apP^ ^ an 

,abie*are in a domeshc auto do[ing a y d 

Uprising treating « atHatine bam compna^ 

■ ncnlimmng examples further .ituatrate AO 
The following nonnmrona 
of the present .nvention. autofna tic dishwashing 

■ „ fuHv-fonteedloUd-forrn 

The following w"y ro 
detergents are prepared. 



Sodium Citrate 
iodium Carbonate 
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Dispersant Polymer k, 

1) u '^ mer (See Note 6Q 

Surfactant (SLF18 071 

TAED 1 ' 5 15 

DTPMP(SeeNote4) 25 

CobaJt Catalyst (See Note 2) 013 

|av,nase 6.0T (protease 6 } 0 2 0 07 

Sav,nasei2T (protease) ~ 2 0 04 

Temi a rn y , 6 0T( arny(ase 2.2 f° 2.0 

|™H2O,P0Corp.( as 8.0 - To 

Benzotriazole 0.5 

Sulphate, water, monors R , 0 3 

Balance to R=l ^„ 
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— — — r^rSiSSSa 



o 

15 
20 

9 

0 

Ol3 
05 
8 

2 

Balance 

lolOO% 



2.5 



15_ 
20. 
8_ 

0.1 



^HI^^ ,«»or minors 

iS^ 3 "* ' ■ 



[ 0.07 



I QA. 
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Hydroxyethyldiphosphonate (HEDP), Sodium Salt 


0.5 


0.5 


Dispersant Polymer (See Note 1) 


8 


8 


Nonionic Surfactant (SLF18, Olin Corp. or LF404. BASF) 


2 


2 


Sodium Sulfate, water, minors 


Balance 
to 100% 


Balance 
to 100% 



Note 1: Dispersant Polymer; One or more of: Sokolan PA30, BASF Corp.,Accusol 
480N, Rohm & Haas. 

Note 2: Cobalt SALEN, supplied by Aldnch. 

Note 3: These hydrogen peroxide sources are expressed on a weight % available 
oxygen basis. To convert to a basis of percentage of the total composition, divide 
by about 0.15. 

Example 6 



The following fully-formulated solid-form automatic dishwashing 
detergents are prepared: 





6A 


6B 


INGREDIENT 


wt % 


wt % 


Cobalt Catalyst (See Note 2) 


0.2 


0.07 


Sodium Perborate Monohydrate (See Note 3) 


1.5 


1.5 


Amylase ( QL37 + M197T as 3% active protein, NOVO ) 


1.5 


1.5 


Protease 1 (SAVINASE 12 T, 3.6% active protein) 


2.5 


0 


Protease 2 (Protease D, as 4% active protein ) 


0 


2.5 


Trisodium Citrate Dihydrate (anhydrous basis) 


15 


15 


Sodium Carbonate, anhydrous 


20 


20 


BRITESIL H20, PQ Corp. (as SiO?) 


9 


8 


Sodium Metasilicate Pentahydrate, (as SiO?) 


0 


3 


Diethylenetriaminepentaacetic Acid, Sodium Salt 


0 


0.1 


Ethylenediamine Disuccinate, Trisodium Salt 


0.13 


0 


Hydroxyethyldiphosphonate (HEDP), Sodium Salt 


05 


0.5 


Dispersant Polymer (See Note 1) 


8 


8 


Nonionic Surfactant (SLF18, Olin Corp. or LF404, BASF) 


2 


2 


Sodium Sulfate, water, minors 


Balance 
to 100% 


Balance 
to 100% 
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WO 96/13860 4? 

^nre of- Sokolan P* JU - 

• prs aPtP0'V^ OneOrm 
N ote1.D' s P ersa ° 

4B0N, Ronm & Haa- ^ ^ ^ % ava ,ab»e 

oxygen basis. T° c 

by about 0.15. _jxarnpje7. — — — ^ 7C 



protein) — . — ^TITa^Ss^ 19 ^ 

DiethyJenetnaminep 

^n^actan^ _ 

Sodium Suwaw. 



1_08 
|_0 
I 2.5 



0_ 
15. 
20_ 
7. 
3_ 
0_ 
0.1 



!___ 


JLfii— 
To 






i20 


2_\20. 


(T 

Yo . 





l_0_ 

i 2 



. Balance 
ltol00%. 
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Note LDispersant Polymer: One or more of: Sokolan PA30, BASF Corp.,Accusol 
480N, Rohm & Haas. 

Note 2: Cobalt SALEN, supplied by Aldrich. 

Note 3: These Hydrogen Peroxide Sources are expressed on an available oxygen 
basis. To convert to a basis of percentage of the total composition, divide by 0.15 



Example 8 





8A 


8B 


8C 


INGREDIENT 


wt % 


wt % 


wt % 


Pohalt Catalvst (See Note 2) 


0.2 


0.07 


0.4 


Sodium Perborate Monohydrate (See Note 3) 


1 


2 


1 I 


Qoriinm Percarbonate (See Note 3) 


0 


0 


0 


CT prmamvl® 
from NOVO ) 


2 


1.5 


0 


nihon7nvl Peroxide 


0 


0.1 


1 


Bleach Activator (TAED or NOBS) 


0 


0 


2 


Protease 1 (SAVINASE 12 T, 3.6% active protein) 


2.5 


0 


0 


Protease 2 (Protease D, as 4% active protein ) 


0 


1 


1 


Trisodium Citrate Dihydrate (anhydrous basis) 


15 


30 


15 


Sodium Carbonate, anhydrous 


20 


0 


20 


BRITESIL H20. PQ Corp. (as SiO?) 


7 


10 


8 


Sodium Metasilicate Pentahydrate. (as SiO?) 


3 


0 


1 


Diethylenetriaminepentaacetic Acid t Sodium Salt 


0 


0.1 


0 


Diethy!enetriaminepenta(methy»enephosphonic 
acid). Sodium Salt 


0.1 


0 


0.1 


Hvdroxyethyldiphosphonate (HEDP), Sodium Salt 


0.1 


0 


0.1 


Dispersant Polymer (See Note 1) 


8 


5 


6 


Nonionic Surfactant (SLF18, Olin Corp. or LF404, 
BASF) 


1.5 


2 


3 


Sodium Sulfate, water, minors 


Balance 
to 100% 


Balance 
to 100% 


Balance 
to 100% 



Note 1:Dispersant Polymer One or more of: Sokolan PA30, BASF Corp.,Accusol 
480N, Rohm & Haas. 
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„niied by Aldrich. * „ n an available oxygen 

Note 2. C0b3« SALEN. ^» J Sourres „ a** - b> 0 , 6 
N0 te 3; These W**"^ petcenlag e o. I. — ^^on examples 
Basis . To convert «o . ^ d . swrashing detent comP lleti 

are used to wash teas cfieese es g or ^ in 

d Us. mUK-s* • spatulas py toadtn the s ^ ^ 

.^^^s^^t^ «* a product 

ado**sucau.on««ed» f * J iou. 1 ,0~ » > MUt 

* 60 ° C ■ ^ me exemplary compost o. <rom 

5,000 PP" 1 - 
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WHAT IS CLAIMED IS: 

1 An automatic dishwashing detergent composition comprising: 

(a) a catalytically effective amount of a cobalt chelated catalyst having 
the formula: 

[ConLmXpp Y z 

wherein n is an integer from 1 to 4; m is an integer from 1 to 12; p is 
an integer from 0 to 8; Y is a counterion selected dependent on the charge z 
of the complex; X is a coordinating species selected from the group 
consisting of CI", Br, |-, F", NCS", l 3 ,-OH, 0 2 2 ', 02-, HOO; H 2 0, SH, CN', 
OCN- f S 4 2 -, NH 3> NR 3 , RCOO-, RCT; 




R3CCCHCCR3 

RSO3- and RSO4- in which R is selected from hydrogen, substituted and 
unsubstituted alkyl, substituted and unsubstituted aryl, and R'COO" where 
R' is selected from substituted and unsubstituted alkyl and substituted and 
unsubstituted aryl, and mixtures thereof; and L is an organic ligand 
molecule containing more than one heteroatom selected from N, P, O, and 
S which coordinate via at least two heteroatoms; 

(b) an effective amount of a source of hydrogen peroxide; and 

(c) automatic dishwashing detergent adjunct materials. 

2. An automatic dishwashing detergent composition according to Claim 1 
comprising automatic dishwashing adjunct material selected such that 
the composition produces less than 2 inches of suds under normal use 
conditions. 

3. An automatic dishwashing detergent composition according to either of 
Claims 1 or 2 comprising as part or all of the automatic dishwashing 
adjunct material one or more low foaming nonionic surfactants. 
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5. 



Claims 1-3 ^"^^e ma.ena.carea^s. 

^matanaionao, ^ ^ ^ „ 

Oa,ms 1-6 

Claims 1-8 havmgal* toma ,ic dishwasrtno 

---rrrrs^^rr^ 

source of hydrogen perox.de an 



7. 



8. 



lCo n LrnXpl z - -\ to 12' P ' s 

consisting ^ ^' ^ RCOO'. RO", 
OCN-, S4 2 '. NH 3« NR3, Q 0 - 

^cuicm drogen , substituted 

and unsubstiWed *J and ur* t ^ an 
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9 A method according to Claim 8 wherein the pH of the bath is below 
11. 

10 A method of washing tableware in a domestic automatic dishwashing 
appliance, said method comprising treating the soiled tableware in an 
automatic dishwasher with an aqueous alkaline bath comprising an 
automatic dishwashing detergent composition according to any of Claims 1- 

7. 

11. A method for removing tea and/or coffee stains from tableware in a 
domestic automatic dishwashing appliance, said method comprising treating 
tea-stained tableware in an automatic dishwasher with an aqueous alkaline 
bath comprising a source of hydrogen peroxide and the cobalt catalyst of 
the formula: 

[ConL^ppYz 

wherein n is an integer from 1 to 4; m is an integer from 1 to 12; p is 
an integer from 0 to 8; Y is a counterion selected dependent on the charge z 
of the complex; X is a coordinating species selected from the group 
consisting of CI', Br, I-, F", NCS-, l 3 rOH, 0 2 2 ^ HOO- t H 2 O t SH, CN", 
OCN-, S 4 2 -, NH 3 , NR 3 , RCOCT, RCT; 

O O" 
II I 
R3CCCHCCR3 

RSO3- and RSO4- in which R is selected from hydrogen, substituted and 
unsubstituted alkyl, substituted and unsubstituted aryl, and RCOO* where 
R' is selected from substituted and unsubstituted alkyl and substituted and 
unsubstituted aryl, and mixtures thereof; and L is an organic ligand 
molecule containing more than one heteroatom selected from N, P, O, and 
S which coordinate via at least two heteroatoms. 

12. An automatic dishwashing rinse aid composition comprising: 

(a) a catalytically effective amount of a cobalt catalyst having the 
formula: 



[Co n L m X p ]Z Yz 
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• teQ er fro* 1 to 1* P is 

serein n is a " s a awrtenon select fronn the 8 

an «™ 0 » QQordtnating speoes se ^ ^ sH , CN . 

o«tt* MmP '!' Br ,-F-.NCS-.'3' 0a ° 2 
OCN ,54 - o 0 



^CCCHCC^ sub sV»tuted and 

" 15 "TS aty> - mWU ' eS ^oe.om se^ed W» «• P ' 

«* °' m ^c automate *^ lnQ a 

compnsing a sou subse quent nnse 

"^J^avina.^ 1 * 
comprising a c° 



^CCCHCCm subsW uted and 

, RS04 - in "* ,cn R * unS abstitated ar/l. an 
RS03 - and BS04 d an d uns 

unsubstituted ■»*». 
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R' is selected from substituted and unsubstituted alkyl and substituted and 
unsubstituted aryl, and mixtures thereof; and L is an organic ligand 
molecule containing more than one heteroatom selected from N, P, O, and 
S which coordinate via at least two heteroatoms. 
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